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(n,f) reactions on MA

Applications

• Nuclear reactors     (SCK·CEN)

• Nuclear astrophysics     (Univ. partners)

Cross section measurements 

 Thermal region   (SCK·CEN)

 Resonance region (En < 10keV)(IRMM)

 Accurate determination of Westcott factors
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Nuclear astrophysics 

application

r-process 

nucleo-

synthesis

• Responsible for the yields of TU elements
• Terminated by fission
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Nuclear reactors application

UOX MOX

Relative radiotoxic inventory

• Cm nuclei – present in the HLRW

K.Tuček, PhD thesis, Stocholm 2004
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Basic parameters for most important actinides from LWR

K.Tuček, PhD thesis, Stocholm 2004

Nuclear reactors application
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(n,f) reactions on MA

243,245,247Cm(n,f) – measurements @ BR1 
facility

• Choice based on available sample 
characteristics, cross section and n
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Nuclear data libraries

• Adopted cross sections f

0

Nucleus ENDF B-VII JEFF 3.1 JENDL 3.3

243Cm 613.3 b 617.4 b 613.3 b

245Cm 2142.4 b 2142.4 b 2142.4 b

247Cm 111.3 b 81.8 b 111.3 b
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Available nuclear data
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SCK·CEN - BR1 facility

Irradiation 
Channels

• Graphite moderated, air 
cooled reactor

• Well thermalized neutron-
beams at the exit of the 
irradiation channels

• vn = 2200 m/s

• th~6x105 n/s/cm2 at 
sample position (700 kW)

• Several irradiation channels

• Multiple experiments running 
simultaneously 
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Measurements of interest

• Estimated counting rates (CR) for a 2
geometry: 

• Issue: background generated by SF and 
the pileup of several “ -signals”

Sample
Mass

[ g]

Purity

[%]
Activity 
[MBq]

CR 

[ /s]

CR SF

[SF/s]

CR (n,f)

[cts/s]

243Cm 2 98.35 3.16 1.58x106 0.1 1.5

245Cm 141 98.48 4.7 2.35x106 7.3 387

247Cm 1 72.51 1 0.5x106 55.3 2.8
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• Surface Barrier Detectors (SBD)

• Installed @ BR1, Z59 channel / B-side

B4C collimator
ø = 15 mm

Experimental setup

- Fast response

- Good energy resolution
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Beam flux measurement
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Back-to-back measurements

• 10B sample-used for monitoring

10B(n, ) 235U(n,f) / Cm(n,f)

7Li

Fission Fragment

n - beam
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Monitoring measurement:
10B(n, )7Li

• Monitoring the flux and environment 
conditions

7Li

7Li*10B

11B
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Fast feed-back of perturbed experimental conditions

- low background



16

245Cm(n,f) measurement

• Good separation of - signals from 
fission fragments

• Counting rate: ~5.4 FF/s
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245Cm(n,f) cross section 

determination

• Corrections:
• 1.6% contributions SF

• 2.6% contributions epithermal beam

• <1% difference in beam-flux compared to 
235U measurement

• Temperature dependence
Westcott factors: g(235U)=(0.9771 0.0008)

g(245Cm)=(0.954 0.033)

• Result (preliminary): 

0
f (245Cm)=(1951 18stat 81syst) b
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Preliminary result

• Our result: 0
f (245Cm) = (1951 18stat 81syst) b
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Conclusion

• New experimental program set up at the 
BR1 reactor (SCK·CEN)

• 1st objective: measurement of 243,245,247Cm(n,f) c.s.

• Experiments performed in collaboration 
with the University of Ghent and IRMM

• 245Cm(n,f) measurement – finished
• Results in agreement with previous studies

• High accuracy

• 243,247Cm(n,f) measurements – on going
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Backup slides
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Build-up of Cm nuclides in a 

nuclear reactor

Transmutation paths for actinides
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Build-up following U-238 n-

capture

β decay

n capture

arrows indicate principle pathways; branching ratios and isotope 

proportions depend on n capture cross sections and half-lives
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Comparison of Existing Data

247Cm (n,f) first-chance fission

(25.3 meV)

=

(ENDF/B-VII.0)

111.35 b

(JEF 2.2)

81.83 b
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Test measurements with SBD

• 10B(n, ) and 235U(n,f) measurements

• good energy resolution

• efficiency: ~1.4% for (n,f) detection
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Measurement of 247Cm(n,f)
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